Two types of chromaffin cells have long been recognized in the adrenal medulla of various vertebrate species (see KOLMER, 1918) , BANDER (1950) , for the first time, correlated these types of chromaffin cells with two different types of hormones secreted by the adrenal medulla, noradrenaline and adrenaline.
Only one type of chromaffin cell has been known in the frog adrenals. According to its histochemical reactions (GEYER, 1959) this corresponded to noradrenaline storing cells in the mammalian species. Chemical assay of the catecholamines in the frog adrenals indicated that noradrenaline comprised about 55% of the catecholamines in the extract (HOUSSAY et al., 1950) . Therefore, it had been assumed that a single type of cell in the frog adrenals stored both adrenaline and noradrenaline (see COUPLAND, 1965) . Recently, COUPLAND (1965) , using the glutaraldehyde-osmium method, mentioned that these hormones were secreted by separate cells in the frog adrenal (Rana esculenta). However, he did not describe their distribution and correlation to the cortical cells. In the toad adrenals, two types of chromaffin cells were reported by PIEZZI (1967) .
In the present report, the selective staining with lead hematoxylin of the adrenaline storing cells in the formalin or glutaraldehyde fixed adrenal glands of several vertebrate species is shown. Two types of chromaffin cells were clearly disclosed in several vertebrate species by combining lead hematoxylin stain and argentaffin reaction.
They revealed several peculiar features of the adrenaline storing cells in the frogs, Rana catesbiana and nigromaculata.
Materials and Methods
Twenty five bullfrogs, Rana catesbiana (100-650g), five frogs, Rana nigromaculata (450-540g), five toads, Bufo arenarum Hensel (450-540g), ten turtles, Clemmys japonica (420-500g) of both sexes and four hens (1.0-1.4kg) were used as materials. Adult hamsters, rats, mice, guinea pigs and rabbits were employed for the sake of comparison. After decapitation and exsanguination, the adrenals were removed and fixed in 5% glutaraldehyde in 0.2M phosphate buffer at pH 7. The adrenals of the bullfrogs, which were fixed in formalin-calcium for 24hr, were frozen-cut with a cryostat and observed on an Entellan mount under the fluorescence microscope (Leitz). Fresh frozen cryostat sections of the adrenals were also tested with argentaffin reaction and lead hematoxylin stain.
Some adrenals of bullfrogs were sliced into thin sections and immersed in 10% aqueous potassium periodate solution for 16hr.
Then they were fixed in formalin for 24hr, cut with a cryostat and observed on the glycerin mounts (HILLARP and HOKFELT, 1953) .
Experiments with reserpine and insulin injection
Reserpine (5mg/kg) was injected subcutaneously daily for two days into five mice (20g) and five guinea pigs (240-450g) of both sexes. Reserpine injections (5-40mg/kg) were made in the dorsal lymph sac of eight bullfrogs of both sexes (240-300g). Their adrenals were then examined 6hr after the last injection.
Insulin (2 units, ACTRAPID, NOVO) was injected subcutaneously in five mice (20g) and five guinea pigs (240-450g) and in the dorsal lymph sac of five bullfrogs (140-300g) of both sexes. The adrenals of these animals were then examined 6hr after the injection. Application of the argentaffin reaction to the glutaraldehyde fixed sections disclosed reactive cells containing silver granules.
They are the noradrenaline storing cells (NA-cells) according to TRAMEZZANI et al. (1966) . They showed an islet likedistribution among the other types of medullary cells. These cells were completely free of silver granules and are considered to be the adrenaline storing cells (A-cells). When the next sections were stained in lead hematoxylin, the medullary cells were tinged with a distinct blue. These corresponded to the cells unreactive to the argentaffin reaction (Fig. 1, 2 ). Argentaffin reaction followed by the lead hematoxylin stain affords a simple procedure as well as a clear picture for the differentiation of the two types of chromaffin cells. In the specimens which were fixed in Bouin or Carnoy, neither of the two types of cells reduced the ammoniacal silver. Lead hematoxylin stain, however, revealed distinctly both types of cells.
Hamsters.
The argentaffin cells in the glutaraldehyde fixed adrenals were situated at the periphery of the medulla. (TAKAYA, 1970 in preparation) . Almost all the medullary cells of the sespecies were stained blue with lead hematoxylin (Fig. 3) .
Hens. Cords of chromaffin cells were distributed like a network among the cortical cells. By the glutaraldehyde silver method, combined with lead hematoxylin stain, the cords were found to be supported by a central connective tissue core, extending from the adrenal capsule. In the core, nerve fibers were also often found. The chromaffin cell mass surrounded the core like a sheath.
The NA-cells which are argen taffin had a polygonal shape and were relatively small in size. They were found within or the periphery of the connective tissue core. The A-cells, which were stained blue with lead hematoxylin, had a large oval shaped cytoplasm.
A row of two or three A-cells covered the argentaffin NA-cells, which surrounded the connective tissue core. Between the row of A-cells and cortical cells, thin sheaths of connective tissue or capillaries were almost always found (Fig. 4) .
Turtles. The chromaffin cells were found within the capsule. Their protrusions looked like tongues or islets among the cortical cells as described in many reptilian adrenals (WRIGHT and JONES, 1957) . Using the glutaraldehyde fixation and argentaffin reaction, two types of cells, the extra-adrenal and intra-adrenal chromaffin cells, were clearly separated.
Extra-adrenal chromaffin cells exhibited black granules in their cytoplasm, whereas most of the chromaffin cells among the cortical cells were nonargentaffin cells. They were found in the protrusions of the chromaffin cells among the cortical cells. They had a relatively large, round cytoplasm.
From other histochemicl tests, they appeared to be A-cells. The argentaffin NA-cells in the glutaraldehyde fixed adrenals appeared faintly brown in lead hematoxylin (Fig. 5, 6 ).
Frogs. Except for the difference of size, the adrenal glands Ranae catesbiana and nigromaculata showed the same structure and distribution of the two types of chromaffin cells. The chromaffin reaction was clearly revealed in the adrenals fixed in the dichromate-sodium sulfate-formalin (WOOD) though the intensity of the reaction was variable from cell to cell. The fixation in the Orth or formalin-Zenker solutions gave a poor result in the chromaffin reaction, especially to the cells situated in the periphery of the adrenal glands near the kidney tissues.
Wood fixation and trichrome or aniline blue-eosin stain differentiated two types of chromaffin cells, one showing brown cytoplasm, the other yellowish.
The color contrast of these cells was, however, not so conspicuous as was seen in the adrenals of the rat, mouse and hamster.
The argentaffin reaction and lead hematoxylin stain applied to the glutaraldehyde or formalin fixed adrenals distinguished clearly two types of chromaffin cells. The NA-cells, argentaffin in formalin or glutataldehyde fixation, were dispersed in small accumulations among the cortical cells (Fig. 7) . Each NA-cell mass was relatively small in comparison to the large mass of NA-cells in the toad adrenals. They were colorless or faintly brown in the frog adrenals. They had a fusiform, polygonal or oval shape. Some of them, at the periphery of the NA-cell mass, had a few cytoplasmic protrusions. The A cells were conspicuously reveald by the lead hemotoxylin stain. They were deep blue and had an irregular shape (Fig. 8) . Several A-cells were found attached to the outside of the NA-cell mass. Most of the A-cells were dispersed and intermingled with the cortical cells, especially in the periphery of the adrenal tissues. They had from two to five peculiarly long slender processes which were connected to each other to make a network among the cortical cells (Fig. 9) . Although the processes of these cells appeared syncytial, closer observation in higher magnification disclosed a distinct narrow gap between the thick protrusions. The connection or meeting point between the tips of very thin processes was, however, obscure.
The cells, positive to the potassium iodate reaction, corresponded in their distribution to the argentaffin cells in the glutaraldehyde fixed specimens. They were mainly found in the central area of the adrenals.
Only a few such cells could be found in the periphery of the adrenals (Fig. 10) .
The fluorescent cells in the formalin fixed adrenals also showed the same distribution and cellular shape as was the case with the NA-cells.
The ganglions near the artery, in and outside of the adrenal tissues, contained several chromaffin cells which were stained yellow in dichromate fixation and aniline blue-eosin. Most of them were argentaffin and faintly brown with lead hematoxylin stain in the glutaraldehyde fixed specimens. There were also several blue cells in the lead hematoxylin stain which were non argentaffin. Close observation of chromaffin cells in the adrenal tissues revealed that both types of cells were surrounded by connective tissue sheaths and separated from the cortical cells. The connective tissue sheaths were joined with the connective tissue sheaths under the venous sinus endothelium between the adrenal tissue columns. The chromaffin cells were, so to speak, in the exterior of cortical tissues.
Both types of chromaffin cells in the frog adrenals were negative to the argentaffin reaction when they were fixed in Bouin, Carnoy or absolute alcohol. With lead hematoxylin stain, both types of cells were stained blue in these fixations (Fig. 11 ).
Toads. As PIEZZI (1967) had described, two types of chromaffin cells were clearly recognized in Bufo arenarum by the glutaraldehyde or formalin fixation. Especially the lead hematoxlyin stain afforded a conspicuous picture for the differentiation of the A and NA-cells. It also revealed peculiar cytological features of two types of chromaffin cells. The NA-cells were argentaffin and stained faintly brown in lead hematoxylin.
They had an oval or fusiform shape. The A-cells were distinctly blue in lead hematoxylin stain. They had an irregular shape with slender cytoplasmic This network was, however, not so conspicuous as was seen in the frog adrenals (Fig. 12) .
Effects of reserpine and insulin
Reserpine injection conspicuously depleted the chromaffin substance in the chromaffin cells of the adrenal medulla of the mouse and guinea pig. Not only NA but also A cells were affected.
In the adrenals of the bullfrogs, however, the argentaffin granules were slightly decreased in several cells when examined in the glutaraldehyde or formalin fixation. The blue granules, which were stained with lead hematoxylin stain, were not recognized to be so much decreased in quantity in the adrenals which were fixed in Bouin, Carnoy and absolute alchol.
The adrenals of the bullfrogs which were given high doses of reserpine (40mg/kg) contained no cells which had blue granules by lead hematoxylin stain or black granules by argentaffin reaction when applied to the glutaraldehyde fixed specimens. The chromaffin cells of presumed NA type had faintly brown granules in the sections which were fixed in the dichromate-formalin solution. Insulin injection caused a decrease of the chromaffin and lead hematoxylin stainable substance only in the A-cells of the mouse and the guinea pig. The number of blue cells in the bullfrog adrenals in glutaradehyde fixation and lead hematoxylin staining was decreased, though no quantitative comparison has been perfprmed as yet. The argentaffin granules in the NA-cells of the guinea pig, rat, mouse and bullfrog seemed to be unaffected, as was the case in the control animals.
Discussion
Separate distribution of adrenaline and noradrenaline storing cells in the adrenal glands was confirmed in the hen, turtle, toad, frog and several mammalian species. Closer association of the A-cells with cortical cells in the lower vertebrates and the bird seems to arouse interest in the effect of cortical cells on the differentiation of the A-cells (JONES, 1957) . The A-cells are also found nearer to the cortical cells than the NA-cells in the cat adrenals (RUBIN et al., 1968) . A direct effect of the cortical Recent development of the study of the adrenal glands revealed that the adenohypophysis, especially ACTH and adrenal cortical hormone, is concerned with the activity of phenylethanolamine-N-methyltransferase in the rat adrenal medulla (WURTMAN and AXELROD, 1966) . COUPLAND and MACDOUGALL (1966) showed the induction of adrenaline production in the tissue culture of the extraadrenal chromaffin tissues which are known to consist of only noradrenaline storing cells.
It was revealed that the adenohypophysectomy resulted in an increase of the number of argentaffin cells in the rat adrenal medulla (POHORECKY and RUST, 1968 The previous reports stating that there is only one type of chromaffin cells in the frog adrenal (BEATTY, 1940; GEYER, 1957; COUPLAND, 1965) is probably due to the dif ficulty in recognizing the adrenaline storing cells (A-cells) which have thin processes. One of the reasons is that the chromaffin reaction in the A-cells, especially in the periphery of the frog adrenals, is weak. From the experiments with reserpine and insulin injection, as well as several histochemical studies, the cells with slender processes in the periphery of the adrenal were confirmed to be catecholamine storing cells.
Negative reaction of these cells to the iodate and glutaraldehyde silver methods indicated that they are not noradrenaline storing cells. Chemical assay of the adrenal gland of the frog (HOUSSAY et al., 1950; ANTON and SAYRE, 1962) showed that noradrenaline comprised about 55% of the catecholamines. Judging from the chromaffin reaction and lead hematoxylin staining, the cells in the periphery of the frog adrenal tissues are adrenaline storing cells.
A large number of methods has been used for the selective demonstration of noradrenaline storing cells (NA-cells), e. g. iodate method of HILLARP and HOCKFELT (1953) , formaldehyde-fluorescence method (ERANKO, 1952) , glutaraldehydeor formaldehydesilver method (TRAMEZZANI et al., 1964; WOOD and BARRNETT, 1964) and glutaraldehyde-osmium method (COUPLAND, 1965) . In these methods, the adrenaline storing cells remain unreactive.
To demonstrate two types of chromaffin cells in different colors in the same sections, COUPLAND recommended a fixative which consists of dichromate-sodium sulfate-formaline mixture dissolved in the phosphate buffer at pH 5.8 and staining in dilute Giemsa solution for 24hr (see his review in 1965). WOOD (1963) proposed a modification of the above method, using dichromate containing fixative adjusted at pH 4.0 with an acetate buffer and staining in aniline blue-eosin. This method proved in the present study to give beautiful results clearly differentiating the two types of chromaffin cells in the rat, mouse and hamster.
They are not, however, applicable to all species with equal success. In the latter case, it may possibly be that some of the substances are stained by lead hematoxylin whereas others by toluidine blue. It has been assumed on the basis of some experimental grounds that reserpine affects both adrenaline and noradrenaline secretion (COUPLAND, 1965) , and insulin affects only adrenaline secretion (HILLARP and HOCKFELT, 1954; ERANKO, 1955; COUPLAND, 1965) .
The results of the present experiments in mice and guinea pigs appeared in accord with the above assumption. This is also applicable to the effect of reserpine and insulin on the two types of chromaffin cells in the bullfrog adrenals.
Summary
The frog adrenals have been considered to contain only one type of chromaffin cells which stores both noradrenaline and adrenaline. Closer association of A-cells with the adrenal cortical cells than NA-cells was confirmed in the adrenals of several lower vertebrate species.
Injection of reserpine in mice, guinea pigs and bullfrogs caused degranulation both in the adrenaline and noradenaline storing cells, whereas insulin administration affected only the former type cells.
